It is established that neuropeptide Y (NPY) is a transmitter of parasympathetic secretory impulses in submandibular gland. The neuropeptides substance P, vasoactive intestinal peptide (VIP) and calcitonin gene-related peptide (CGRP) are likely mediators of secretory parasympathetic responses of the gland. Previously, we have shown that substance P, VIP and CGRP modulate voltage-dependent Ca 2+ channels (VDCCs) in hamster submandibular ganglion (SMG) neurons. In this study, we attempt to characterize the effect of NPY on VDCCs current using Ba 2+ (I Ba ) in SMG neurons. Application of NPY caused both facilitation and inhibition of L-type and N/P/Q-type I Ba , respectively. Intracellular dialysis of the G␣ sprotein antibody attenuated the NPY-induced facilitation of I Ba . The adenylate cyclase (AC) inhibitor, as well as protein kinase A (PKA) inhibitor attenuated the NPY-induced facilitation of I Ba . Intracellular dialysis of the G␣ i -protein antibody attenuated the NPY-induced inhibition of I Ba . Application of a strong depolarizing voltage prepulse attenuated the NPY-induced inhibition of I Ba . These results indicate that NPY facilitates L-type VDCCs via G␣ s -protein involving AC and PKA. On the other hand, NPY also inhibits N/P/Q-type VDCCs via G␣ i -protein ␤␥ subunits in the SMG neurons.
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Introduction
The submandibular ganglion (SMG) is a parasympathetic ganglion which receives inputs from preganglionic cholinergic neurons, and innervates the submandibular salivary gland to control saliva secretion. This ganglion receives input from peptidergic afferent neurons and such input provides the physiological pathway for local reflex control of saliva secretion.
Neuropeptide Y (NPY), a 36 amino acid residue polypeptide, is known to act as a neurotransmitter in the central and peripheral nervous system where its actions are mediated by at least six NPY receptor subtypes (NPY 1 -NPY 6 ) that belong to the Gprotein-coupled receptor superfamily (Michel et al., 1998) . NPY is involved in many brain physiological functions, such as regulation of blood pressure, circadian rhythms, feeding behavior, anxiety, and memory processing. Furthermore, several evidences point to an important role for NPY in the regulation of neuronal activity during pathological hyperactivity, such as that occurring during seizures (Klapstein and Colmers, 1997; Vezzami et al., 1999) .
Voltage-dependent Ca 2+ channels (VDCCs) serve as crucial mediators of membrane excitability and Ca 2+ -dependent functions such as neurotransmitter release, enzyme activity and gene * Corresponding author.
E-mail address: tendoh@tdc.ac.jp (T. Endoh).
expression. The modulation of VDCCs is believed to be an important means of regulating Ca 2+ influx and thus has a direct influence on many Ca 2+ -dependent processes.
The neuropeptides substance P, vasoactive intestinal peptide (VIP) and calcitonin gene-related peptide (CGRP) are likely mediators of secretory parasympathetic responses of the gland. Previously, we have shown that substance P, VIP and CGRP modulate VDCCs in SMG neurons (Yamada et al., 1999; Hayashi et al., 2002; Endoh et al., 2011) . Ekström et al. has been demonstrated that NPY is a transmitter of parasympathetic secretory impulses in salivary glands. In vitro, tissue of submandibular gland releases protein in response to NPY (Ekström et al., 1996) . However, the effect of NPY on VDCCs in SMG has not yet been clarified, and little is known about signal pathways in SMG. Consequently, it is the purpose of this study to investigate the effects of NPY on VDCCs in SMG.
Materials and methods

Cell preparation
Experiments were conducted according to the guidelines for the treatment of experimental animals at Tokyo Dental College. Golden hamsters (4-6 weeks old) used for all experiments, were purchased from Sankyo Labo Service Corporation, Inc. (Tokyo, Japan). Hamsters were housed with their mother in standard
